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One fundamental principle of biology is interaction, understanding of which forms the basis for the development of novel therapeutic and preventive strategies with proven clinical efficacy (Phase III) and population effectiveness (Phase IV and implementation). The existing research and implementation processes for both drug therapy and new diagnostic tools are very fragmented and grossly insufficient. First, the drug development process takes too long (10-15 years/drug) and cost too much (\~\$1 billion/drug) with high failure rates (\~80%) even for targets and compounds that survive through Phases II development. Second, the lack of assessment for interactions among genetic factors and therapeutic agents in almost all human studies may be a rate-limiting step for success (or lead to post-marketing failure due to as yet unknown off-target detrimental effect). Third, current structure does not encourage basic scientists to work closely with clinical and population scientists. Last and most importantly, insufficient measurement of covariates often precludes from confidently predicting intermediate or long-term effects of various agents.

I propose here that by applying innovative systems biology approaches to existing cohort resources, the biological pathways and gene networks that are perturbed by genetic variations and their interactions with potential targets and phenotypic risks could be modeled in both the preclinical and post-marketing period to evaluate potential benefits and risks associated with both new drugs and/or targets. We have recently used this unique and comprehensive approach in assessing biological targets in relation to risk of developing type 2 diabetes (T2D) and cardiovascular complications among T2D patients in diverse ethnic populations. Herein I use several examples to demonstrate that such a strategy should be adopted in the drug (including nutritional supplements) development process to enhance the probability of discovery and validation of targets, thus reducing wasteful resources. To complement this unbiased approach, we will also focus the sex-steroid pathway recently identified including sex-hormone binding globulin (SHBG) as therapeutic targets for enhancing or impairing insulin sensitivity, metabolic syndrome and type 2 diabetes risk particularly concerning multiple germline mutations in the sex-hormone pathways as well as the SHBG gene to be predictive of both metabolic syndrome and T2D risk in multiple cohorts of men and women.
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The consistently increased morbidity of chronic non-communicable diseases, especially the metabolic diseases is becoming a major impediment for public health; the diversified etiologies and the complicated additive-effects bring on great difficulties for prevention and treatment. On one hand, external factors like lifestyle, dietary structure, gut microbiota, and environmental contamination exacerbate the prevalence of metabolic disease; on the other hand, internal factors including genetic variation, family history, racial background, and basal metabolic rate determine the susceptible population; these two parts interact with each other and appear to be constantly dynamic. Consequently, the traditional research strategies with monocenter and univariate on single population would constrain the development and progress for study of metabolic diseases. For this reason, promoting multicentral, successive, dynamic, and multi-population based methods including the deep metabolic phenotype analysis, collection of comprehensive environmental factors, dynamic surveillance for lifestyle, construction for multi-omics system, massive deep-sequencing, and combined validation for biological functions, are expected to depict the traits of formation and evolution of metabolic diseases for individuals as well as the whole population in a more accurate and comprehensive way, and would certainly become a novel orientation of precise study for metabolic diseases in the future.
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Chronic diseases, such as stroke, heart disease, cancer and diabetes, are the leading causes of disability and death worldwide. Despite recent advances, our ability to prevent and treat these conditions is still limited. Understanding what causes these diseases in diverse populations with different lifestyles, environments and genetic architectures can lead to improved disease prevention and risk prediction, and the development of "precision medicine". Unique opportunities to fulfill these goals are offered by prospective "biobank" studies, with detailed characterization of large numbers of apparently healthy individuals from the general population, using conventional and novel technologies, and with electronic monitoring of their health status.

In the last decade, many large prospective biobank studies of global significance (e.g. US PMI cohort, UK Biobank) are being or have been assembled. China Kadoorie Biobank (CKB) is one of the world's largest studies of this kind, involving 512,891 adults recruited during 2004-08 from 10 diverse areas in China, with extensive data collected at baseline and periodic resurveys, on lifestyle, environmental, and physiological factors, and with long-term storage of biological samples. To date, \>0.5 million fatal and non-fatal disease events of \>1000 different types (e.g. stroke, heart disease, cancer, diabetes, fracture, cataract and rheumatoid arthritis) have been recorded among participants. These exposure and health outcome data are now being complemented by blood assays of genetic (e.g. 20 million variants), metabolomic (e.g. \~1000 metabolites), proteomic (e.g. \~400 inflammation and other biomarkers) and infective biomarkers, with many novel findings starting to emerge. The uniquely powerful and rich resources in CKB and other big biobanks will enable scientists to make many important discoveries relevant to risk prediction, disease prevention and treatment, benefiting populations worldwide.
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Recent advances in powerful tools such as genomics, metabolomics, and gut microbiome have offered new opportunities as well as challenges in the application of precision nutrition for the prevention and management of type 2 diabetes (T2D). The integration of such technologies into epidemiological studies, referred to as "systems epidemiology", can enhance our understanding of biological mechanisms underlying diet and human health. This approach can also enable us to achieve better assessment of diet and nutritional status in free-living populations by identifying novel biomarkers of dietary intakes. Nutritional genomics has identified genetic variants that influence intakes and metabolism of specific nutrients and predict individuals' variability in response to dietary interventions. Metabolomics has revealed metabolomic fingerprints of food and nutrient consumption and has uncovered new metabolic pathways that are potentially modified by diet. In addition, dietary interventions have been shown to alter abundance, composition, and activity of gut microbiota that are relevant for food metabolism and glycemic control. By integrating these technologies with big data analytics, precision nutrition has the potential to provide personalized nutrition guidance to achieve more effective T2D prevention and management. Despite recent advances, major challenges still exist, including non-replication of study results, difficulty in translation of research findings into practice, and high cost. Although commercial companies have promoted personalized nutrition assessment and genetic testing, there is little evidence on the benefits of these approaches for improving diet and preventing disease. Therefore, it is essential to balance the investment in precision nutrition, which targets individual characteristics, with public health nutrition, which aims to improve the health of populations.
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Facing the grand challenges of complex diseases such as cancer and diabetes, researchers recently have developed "Precision Medicine" to identify new biomarkers for prediction of disease progression and accurate diagnosis of individual. Discovery of biomarkers by "Precision Medicine" relies on two new approaches to analyze big data. Firstly, the approach for integrating big data derived from genomics, proteomics, metabolomics and other omics, for integrating big data from molecular level to physiological and pathological levels. Secondly, the approach for building individual-centric biomedical database that consists of multilayered and highly interconnected biological parameters, and then construct a knowledge network of biomedical research, which could be used for new taxonomic classification of diseases.
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Diet, particularly macronutrients, have a major influence in shaping gut microbiome both in the short and long term, which in turn can impact metabolic heath. The comprehensive integrated gene catalog of human gut microbiota has greatly advanced metagenome-wide association studies (MGWAS) on the interactions between host-nutrition-microbiome in modulating metabolic diseases. MGWAS have enhanced our understanding of the dysbiosis of gut microbial composition and function in relation to type 2 diabetes and atherosclerotic cardiovascular disease. Further, MGWAS incorporated with mouse studies have identified novel links between gut microbial species and host metabolites in the development of obesity, pointing to potential microbial targets for intervention.

People with interindividual variability of their gut microbiome have experienced vastly heterogeneous metabolic responses to dietary factors and oral medicines. These can be mediated by several microbial-derived metabolites, such as secondary bile acids, short chain fatty acids and trimethylamine N-oxide. A recent study has convincingly linked the bile acids based microbiota-host interactions to the host metabolic benefits of antidiabetic agents.

Importantly, to pave the way for microbiota-focused precision medicine and nutrition, efforts on collection and analyses of individuality multi-omics data, including the gut metagenomics, human genetics, metabolomics and diet records, are required to establish their causal relationships in people who respond beneficially to a given intervention and therapy.
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Over the past 10 years, through the use of large-scale genomic data, genome-wide association studies have discovered approximately 10,000 genetic loci associated with human diseases and other complex traits. In addition to genomics, other omic technologies have also been used increasingly in epidemiologic studies, providing tremendous opportunities to study causes of diseases, identify disease biomarkers, and understand biological mechanisms for disease development and progression. Over the years, in collaboration with investigators from many other institutions, we have initiated large studies and research consortia to interrogate the whole genome, transcriptome, metabolome, and epigenome to identify biomarkers for risk of cancer and other chronic diseases. In large genome-wide association studies that currently include approximately 180,000 participants of Asian descent recruited in nearly 50 studies conducted in mainland China, Hong Kong, Taiwan, Korea, Japan, Malaysia, Singapore, Thailand, and the USA, we have discovered more than 50 novel genetic susceptibility risk loci for breast and colorectal cancer, type 2 diabetes, and obesity. Using metabolomics tools, we have identified multiple new biomarkers for risk of colorectal and pancreatic cancers and type 2 diabetes. Recently, we conducted a series of studies integrating transcriptomic and genomic data to systematically search the transcriptome to uncover genes associated with the risk of breast, prostate, colorectal, and ovarian cancers, resulting in the identification of a large number of novel associations. For example, in a large breast cancer study including approximately 119,000 cases and 101,000 controls included in the Breast Cancer Association Consortium, by integrating genomic and transcriptomic data, we found nearly 100 genes showing a significant association with breast cancer risk after adjusting for multiple comparisons. This study demonstrated the potential of integrating multi-omics data to identify biomarkers for cancer risk. Proper use of multi-omic data will undoubtedly improve the understanding of the etiology of human diseases and accelerate the pace of discovery of the causes of diseases and identification of disease biomarkers, leading to the design of cost-efficient prevention strategies.

**Acknowledgments**

We receive NIH funding for our research and our research has been approved by IRB at Vanderbilt University Medical Center.

S8 Linking of omics-based biomarkers with nutrition and cardiometabolic health in Chinese {#Sec24}
-----------------------------------------------------------------------------------------

### Liang Sun^1,2^, Yiwei Ma^1,2^, Huaixing Li^1,2^, Xu Lin^1,2^ {#Sec25}
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With rapid development of advanced technology, omics-based biomarkers are expected to provide a more precise tool to predict and control diseases, and also to evaluate nutrition status. However, limited prospective studies have systematically investigated major nutritional and genetic factors for cardiometabolic diseases in Chinese with the world largest populations of obesity and type 2 diabetics (T2D). Thus, by utilizing multiple omics approaches in a 6-yr population-based cohort study and also leading a national genome-wide association study (GWAS) for T2D in Chinese Hans, over 100 genetic variants were identified or confirmed to be associated with obesity, T2D and hypertension. Moreover, about 50 genetic variants were documented to influence fatty acids, vitamin D and iron metabolic pathways. Meanwhile, multiple nutritional biomarkers (high carb or dairy intakes and iron, vitamin D, vitamin B1 status) were showed to be associated with prevalence or incident of metabolic syndrome (MetS), T2D and other health outcomes. For instance, high carbohydrate dietary pattern appeared to promote levels of 16:1n-7 and other fatty acids from de novo lipogenesis (DNL) pathway. Increased levels of 16:1n-7 fatty acids were associated with a higher 6-year incidence of MetS and T2D. In our recent GWAS for monounsaturated fatty acids, GCKR-rs1260326 and PKD2L1-rs603424 were linked with altered 16:1n-7 and other fatty acid levels by modifying DNL pathway. Moreover, a panel of acylcarnitines, especially long-chain acylcarnitines, was showed to substantially improve predictive ability for incident diabetes beyond conventional risks. There were about 70% participants in our cohort population having vitamin D deficiency and low plasma 25(OH)D significantly associated with high MetS risks. In our recent randomized, double-blinded controlled trial, daily supplementation with 2000 IU vitamin D3 (the upper intake level in China) for 20 weeks significantly raised 25(OH)D concentrations, but still left 25% participants with uncorrected deficiency. Genetic factors exerted stronger impact than non-genetic factors (baseline value, BMI and gender) on 25(OH)D responses; while overweight persons showed lower 25(OH)D response than that in normal weight persons. Overall, our studies provide important insights regarding roles of genetic and nutrient-related biomarkers on metabolic diseases and nutritional status in Chinese and these findings are useful for achieving strategies of precision nutrition.
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Metabonomes of mammals contain tens of thousands different types of metabolites with molecular mass smaller than 3000 Daltons. They have many important functions and a huge concentration dynamic ranges, diverse physicochemical properties, matrices and are originated from both endogenous and exogenous sources \[1-3\]. Therefore, quantitative metabonomic analysis is essential for understanding the molecular aspects of mammalian physiology and pathophysiology of various diseases. The combined nuclear magnetic resonance (NMR) and mass spectra (MS) methods have become increasingly attractive with complementary metabolomic information. In this presentation, we will discuss the requirements of quantitative metabonomics and strategies to fulfill such tasks followed with some recent advances in our lab in sensitive and efficient quantification of metabolites. These include metabolites containing amino groups cover dozens pathways \[4\] and play vital roles in redox homeostasis and biosyntheses of proteins, nucleotides and neurotransmitters. Quantitative metabolic fluxomics approaches will also be reported in the context of the stress-induced metabolomics responses \[5\]. Many more methods will further be discussed for ultrasensitive quantification of sterols and bile acids, eicosanoids and acyl carnitines. These methods will be potentially useful for molecular epidemiological studies of many different biological events.
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Uptake and metabolism of food is a highly complex process and requires the coordinated interaction of cells, tissues and organs in multi-cellular organisms to establish a metabolic homeostasis. Already minor off-tunes in this interaction can cause disease or malfunction of the whole organism. On the other hand, the organism has to be prepared to act on various fuel types and thus to convert various types of nutrients into energy and biomass as well as building up a storage pool for times of fasting. To ensure the immediate and stable availability of energy even under high load conditions where complete carbohydrate oxidation is too slow or even not possible, the body must ensure that production and clearance of metabolites such as glucose, lactic acid or alanine are balanced.

Here we demonstrate how systems approaches can be applied to quantitatively monitor these metabolic processes on a whole organism scale. Stable-isotope labeling is a safe procedure to follow the metabolism of pathway metabolites and their turn-over rates in vivo. We established a sensitive procedure to accurately determine isotopic enrichment patterns in human plasma after oral ingestion of a 13C labeled glucose tracer. The time-resolved sampling is based on mass spectrometry and dried blood spot sampling. The obtained data is then incorporated into a specific tailored ODE based metabolic model of the Cori cycle. By solving the equations of this system, we could determine quantitative and robust values for glucose production (GP) and gluconeogenesis (GNG) rates for each studied subject.

While already providing exact and quantitative metabolic turn-over rates for metabolites directly involved in glucose metabolism, such a "small system" does not highlight other parts of whole body homeostasis as for example metabolism of amino acids. To address this limitation, we are extending our focus and include quantitative flux data for more metabolites. For that purpose, we follow the fate of fully 13C labeled wheat flour after ingestion by human individuals. Due to the fact that all carbon atoms in this wheat are substituted by 13C isotopes, every wheat molecule has an increased molecular mass. The major components of wheat flour are starch and protein and the digestion and metabolism of these bio-polymers can be traced by determining isotopic enrichment patterns in plasma metabolites.
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The growing prevalence of type 2 diabetes (T2D) highlights the limitations of available preventative options, and high rates of diabetes complications attest to the inadequacies of current treatments. Novel therapeutic strategies need to be informed by a more complete understanding of the molecular and physiological basis of disease, delivering validated interventional targets and biomarkers to define disease risk, progression, and subtype.

My group, working within large global consortia, uses human genetics to deliver this understanding. Growing availability of exome sequence and array data now delivers coding variant associations that can plug directly into functional studies. However, the main repository of variant association for T2D remains the \~150 common variant signals uncovered by genome-wide association study (GWAS), most of which map outside coding sequence. We are implementing a multifaceted approach that combines genome-scale and focused functional studies to unlock the biology within these loci.

We use fine-mapping to improve localisation of causal variants, and map these onto regulatory annotations from key tissues, most notably the human islet. This provides a platform for identifying downstream transcripts through tissue-specific cis-eQTL analyses and conformational capture. We combine these "regulatory variant" data with transcript level information to define the best-supported transcripts in each GWAS region. Finally, we connect loci through analyses of protein-protein interaction, co-expression and pathway data. These efforts are starting to bear fruit, with around one-third of GWAS signals now featuring a well-supported priority transcript. We follow up these priority candidates through cellular, molecular, rodent and human studies to consolidate mechanistic evidence, and to integrate additional non genetic risk factors. Finally, we use the biological insights derived from these studies to support efforts at translation through (a) identification of novel therapeutic targets; (b) stratification of disease risk and phenotype; (c) biomarker discovery; (d) therapeutic optimization; (e) more precise specification of complication risk; and (f) causal inference regarding environmental risk factors.
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I discuss the evidence from clinical trials, prospective observational studies, and mechanistic studies that link dietary fats and carbohydrates to cardiovascular disease (CVD). This discussion is in large part derived from an American Heart Association Presidential Advisory on Dietary Fats and CVD. In summary, randomized trials that replaced saturated fat with polyunsaturated fat, mainly linoleic acid, lowered risk of CVD. The higher the quality of the individual trial, the greater the reduction in CVD. Meta-analysis of four, high quality, core trials found reduction in CVD of about 30%. Other meta-analyses that included trials that had serious problems in design or execution also found significant reduction in CVD but about 20% rather than 30%, as would be expected. The greater the reduction in saturated fat the greater the reduction in risk of CVD. In contrast, a meta-analysis of six trials that replaced saturated fat or total fat with carbohydrate did not show significant reduction in CVD. This indicates that any evaluation of a macronutrient needs to consider the replacement.

These findings in randomized trials are supported by prospective observational studies that found that replacement of saturated fat with polyunsaturated fat at 5% of total daily energy intake was associated with a 25% lower risk of CVD; replacement with monounsaturated fat was associated with 15% lower risk. In contrast, replacing saturated fat with carbohydrate was not associated with reduced risk. Thus, the results of observational studies and randomized trials are closely aligned. Recently, meta-analyses on dietary fat have been published, reporting that saturated fat is not associated with CVD. However, these analyses did not take into account whether the saturated fat is replaced with unsaturated fat or carbohydrate \-\-- a crucial distinction.

The causal connection between dietary saturated fat and CVD and protection by polyunsaturated fat is supported by atherosclerosis studies in non-human primate experiments, and by effects on LDL-cholesterol.

In summary, I present evidence that is clear and convincing that to lower risk of CVD dietary intake of saturated fats should be replaced with unsaturated fats, especially polyunsaturated fats.
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Soy food is a rich source of isoflavones, a group of phytoestrogens that have both estrogen-like and estrogen-antagonistic effects. Isoflavones have been shown to: increase the synthesis of sex-hormone-binding globulin, lower the biological availability of sex hormones; inhibit 17β-hydroxysteroid dehydrogenases, thereby reducing estrogen synthesis; and increase clearance of steroids from the circulation. In addition, isoflavones have several non-hormone-mediated, anti-cancer properties. Over the last 3 decades, epidemiological studies conducted among Asian women, including our studies conducted among Chinese women in Shanghai, have consistently shown soy food intake to be inversely associated with breast cancer risk, whereas studies conducted among non-Asian women have largely generated null results. The importance of early-life or lifetime exposure to soy food on breast health was first suggested by our study of Chinese women and confirmed subsequently by two US studies and a cohort study that we conducted among Chinese women. The estrogen-like property of soy isoflavones, on the other hand, had been a concern for breast cancer patients. Using data from a longitudinal study conducted among Chinese women in Shanghai, we showed that soy food intake was inversely associated with the risk of cancer recurrence and mortality. These results were confirmed by a pooled analysis of four cohort studies that included over 9,500 breast cancer patients. These findings resulted in a change in dietary recommendations which conclude that soy food intake is safe for breast cancer survivors. Our subsequent studies found that high soy food intake was positively associated with menopausal symptoms and inversely associated with bone density among breast cancer survivors, suggesting that soy food acts as an estrogen antagonist rather than estrogen agonist among breast cancer patients. Our recent study found that long-term soy food consumption was associated with increased expression of tumor-suppressor miRNAs and genes, and decreased expression of oncogenes, especially cell-growth genes, in triple negative breast cancer tumor tissue, and was positively associated with circulating level of B-lymphocytes among healthy individuals. These findings shed light on the biological mechanisms by which soy food consumption influences breast cancer risk and/or prognosis.
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From a clinician's perspective, precision medicine in vast majority of diabetes patients is still a dream. Diabetes is a heterogeneous disease with very complex interaction between genetic and environmental factors. The current diagnosis of diabetes is basing on the blood glucose cutoffs closely related to increased risk for chronic diabetic complications but not hyperglycemia itself. The natural history of diabetes and risk for complications show great variation among individuals due to the different causes and pathogenesis of diabetes. For example, glucokinase gene variants induced diabetes patients (MODY2) usually present with mild non-progressive hyperglycemia and low risk for microvascular disease because their HbA1c levels seldom rise beyond 7.6%, and HNF1A variants induced diabetic patients (MODY3) have relatively high risk for chronic complications because of gradually impaired beta cell function and severe hyperglycemia. In the past decade, the genome wide association study and whole exome sequencing have revealed more than one hundred genetic variants associated with diabetes and its related traits, of which a limited number of genes are demonstrated to involve in insulin secretion and insulin sensitivity, most genes were not well known on their functions. That is to say, we know so little on diabetes that we could not finely and correctly type diabetes, the first step for precision medicine of diabetes. In fact, a minority of monogenic diabetes patients have benefited from individualized treatment, suggesting the causes and pathophysiology of diabetes are key factors for precision medicine. What's more, through studies on monogenic diabetes, we have understood more and more biologic signal pathways involved in the development of diabetes, but the detailed crosstalk between these pathways have not been well known. Therefore, basing on the facts that there is susceptibility gene overlap among diabetes, hyperglycemia, obesity and other diabetes-related traits, for patients with type 2 diabetes, we can guess that the numbers and the kinds of pathways and their contributions would determine when they develop diabetes, how fast their diabetes progress, what features they present and what hypoglycemia agents fit them. On the other hand, it is stressed that we should identify the biomarkers for impaired pathways and subsequently select appropriate drugs, so the findings from monogenic disease in diabetes related pathways would be helpful to screen these biomarkers and guide precision medicine. Although many antidiabetic drugs have been developed, they only targeted limited pathways. Thus, a limited kind of drugs is another obstacle for precision medicine of diabetes even though we could precisely type diabetes. In summary, in the present time, because of our limitation in understanding the complexity and heterogeneity of diabetes and availability of antidiabetic agents, only a small fraction of patients could benefit from precision medicine. In the future, identifying the new biological target of a drug and developing new hypoglycemic agents is necessary in order that more and more patients are provided with precision medicine.
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Type 2 diabetes mellitus (T2D) is a metabolic disease characterized by hyperglycemia with complex etiology. There are about 100 million adults with diabetes in China. Long term hyperglycemia may cause multiple organ injuries including stroke, blindness, myocardial infarction, renal failure and amputation. So far, the research and development of early warning and individualized treatment of diabetes is still a worldwide problem. Genetic markers can provide early warning information before obesity, abnormal glucose regulation and other clinical phenotypes appear. Therefore, we aim to analyze the genetic etiology of T2D and investigate early genetic markers for the occurrence and development of T2D in Chinese population for the guidance of clinical prevention and individualized treatment.

We carried out large scale genetic researches of T2D in Chinese Han population. We validated 28 European-derived T2D susceptible loci and identified 12 novel susceptible genes in Chinese. Moreover, we constructed the genetic risk score model for T2D based on the 40 genetic loci previously identified in Chinese population and reported the predictive value of genetic model in prospective cohorts. The construction of the model is of great value to reveal the etiology and early warning of T2D in Chinese.

In addition, we performed the pharmacogenomics studies and discovered that the T2D susceptibility genes can also be used to estimate the hypoglycemic drug response. We found that paired box 4 (PAX4) and potassium voltage-gated channel subfamily Q member 1 (KCNQ1) can be used to determine the efficacy of repaglinide and rosiglitazone, respectively. Based on the single genetic markers on drug efficacy, we also constructed two genetic scoring models for repaglinide and rosiglitazone drug efficacy, respectively. The model can be used to estimate the responses of different drugs.
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Environmental chemicals that possess endocrine-disrupting properties are known to potentially exert detrimental effects on metabolic health and may lead to an increased risk of developing type 2 diabetes (T2D). The role of diet in the associations between these pollutants and T2D risk has been increasingly recognized. Diet is often the primary source of exposures in general populations without occupational exposure history and thus may serve as confounders for associations between the chemicals and T2D risk. However, in most environmental epidemiological studies, diet was rarely considered in statistical analyses. Moreover, based on the existing knowledge base regarding the biological pathways underlying the effects of diet and the chemicals, it is highly plausible that diet may modulate the effects of chemicals on metabolic health, and the vice versa, although evidence from epidemiological studies is rather sparse for potential interactions between diet and pollutants because of certain methodological challenges. In this lecture, evidence regarding the potentially diabetogenic, food-borne environmental pollutants in relation to diabetes risk is reviewed. Discussions are primarily focus on bisphenol A, phthalates, organic pollutants, perfluoroalkyl substances, and environmental pollutants generated during cooking, such as heterocyclic aromatic amines and polycyclic aromatic hydrocarbons. The role of diet, as primary food sources and confounders, in the associations between these environmental pollutants and T2D risk is explored. Methodological challenges for testing interactions between diet and environmental pollutants are discussed. Furthermore, the potentials of using metabolomics and microbiome as sensitive tools to explore the effects of pollutants on metabolic health, as well as interactions between dietary factors and pollutants are discussed.
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### Yixue Li {#Sec54}

#### Key Laboratory of Computational Biology, CAS-MPG Partner Institute for Computational Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai, China {#Sec55}

Animal model is always a useful tool for studying fundamental biological questions and clinical translational problems, as said by a Danish Nobel Laureate and a physiologist August Krogh in last century: "For such a large number of problems there will be some animal of choice, or a few such animals, on which it can be most conveniently studied". Here we presented disease studies based on several special animal models, camel, dog and rabbit as below:

Rapidly evolving genes in the camel lineage are significantly enriched in metabolic pathways, and these changes may underlie the insulin resistance typically observed in these animals. Our analyses may also shed light on the genetic basis of the camel's remarkable salt tolerance and unusual immune system.

To understand the genetic bases of adaptation to high altitude in dogs, we performed whole-genome sequencing of 60 dogs including five breeds living at continuous altitudes along the Tibetan Plateau from 800 to 5100 m as well as one European breed. More than 15X sequencing coverage for each breed provides us with a comprehensive assessment of the genetic polymorphisms of the dogs, including Tibetan Mastiffs. Comparison of the breeds from different altitudes reveals strong signals of population differentiation at the locus of hypoxia-related genes including endothelial Per-Arnt-Sim (PAS) domain protein 1 (EPAS1) and beta hemoglobin cluster, our results not only indicate parallel evolution of humans and dogs in adaptation to high-altitude hypoxia, but also provide a new opportunity to study the role of EPAS1 in the adaptive processes.

We present the whole-genome sequence of three kinds of the most popular experimental rabbits, NZW, JW and Watanabe heritable hyperlipidemic (WHHL) rabbits and identified 11 new gene mutations possibly associated with the pathophysioloy of WHHL rabbits. We also identified that ALDH2 was significantly down-regulated in the liver of both Chol-fed and WHHL rabbits. These results provide a valuable insight into searching the therapeutic targets of hypercholesterolemia and atherosclerosis.
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Generally, a complex disease results not from malfunction of individual molecules but from dysfunction of the relevant system or network, which dynamically changes with time and conditions. Thus, estimating a condition-specific network from a single sample is crucial for elucidating the molecular mechanisms of complex diseases at the system level. However, there is currently no effective way to construct such an individual-specific network by expression profiling of a single sample because of the requirement of multiple samples for computing correlations. We developed statistical methods, i.e. a sample-specific network (SSN) method \[1\] and Individual-specific edge-network method \[2\], which allows us to construct individual-specific networks based on molecular expressions of a single sample. Using this method, we can characterize various human diseases at a network level. In particular, such SSNs can lead to the identification of individual-specific disease modules as well as driver genes, even without gene sequencing information. Biological experiments further validated one important advantage of our method over the traditional methods, due to the additional network information. We show that there is rich information for those non-differential genes, not at the gene level but at the network level, which is the dark matter in terms of gene expression, in contrast to the dark matter in terms of gene sequence.
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The widespread availability of high throughput methods have enabled rapid advances in establishing associations between single nucleotide polymorphisms and health outcomes. Commonly used single nucleotide polymorphisms (SNPs) were generally chosen to track heritage blocks not connected to causing differences in genetic function via genome-wide association study (GWAS). Diversity in gene function extends beyond SNPs to other genetic elements including insertion-deletions (Indels). Endogenous polyunsaturated fatty acid (PUFA) levels are regulated by diet PUFA. The fatty acid desaturase (FADS) gene cluster has been identified in dozens of GWAS as associated with health and biochemical outcomes. We sought to identify causal variants that control FADS expression and PUFA levels. First computationally we searched the International Hapmap Project database in Japanese participants for expression quantitative trait locus (eQTL) and identified a highly significant region in intron 1 of FADS2 associated with lower expression of FADS1 in the minor allele, and identified predicted consensus biding site for two transcription factors, peroxisome proliferator-activated receptor gamma (PPARg) and sterol regulatory element binding protein (SREBP), and hypothesized that polymorphisms nearby would affect binding. Second lymphoblasts homozygous for the major and minor alleles were cultured leading to the discovery that FADS1 expression is lower in the minor vs major haplotype, and that expression of both FADS1 and FADS2 was strongly modulated by SREBP but not PPARg binding drugs. We sequenced and discovered a 22 bp Indel 137 bp from the SRE: the minor allele is a deletion and the major allele an insertion. Returning to computation with the 1000 genome database we showed that the Indel status causes positive selection related to ancestral diet. Third we compared Indel genotype (rs66698963) from 199 individuals in Kansas City and 1,500 in Beijing against the circulating PUFA and find that circulating arachidonic acid and all omega-3 PUFA are determined genotype. Taken together, these data strongly support rs66698963 Indel as a causal locus in determining arachidonic acid status, with broad implications for inflammation, thrombosis, and related metabolic risk factors. We suggest that genotype at this locus should be considered in all studies of long chain polyunsaturated fatty acid (LCPUFA) interventions.

Session V Precision nutrition: from research to application and policies {#Sec62}
========================================================================

S20 Precision nutrition concept, product & technology R&D {#Sec63}
---------------------------------------------------------

### Xuguang Zhang {#Sec64}

#### Science and Technology Centre, By-Health Co. Ltd, Guangzhou, China {#Sec65}

The United States and Chinese governments have launched "Precision Medicine" projects successively since last one or two years. In 2016, China State Council issued the "Healthy China 2030 Plan Outline", emphasizing disease prevention as a key national strategy to build a healthy China. In 2017, the role of precision nutrition and technology was stressed for the first time in the Chinese government funded 5-year- "Special Plan (2015-20) of Food Science and Technology Innovation" project, which encourages development of innovative high-techs for producing health foods. More recently, China State Council announced the National Nutrition Program (2017-2030), which addressed the leading roles of advanced nutrition researches and also emphasized application by development of novel technologies and innovative nutritional and healthy foods like nutrient supplementation and nutritional fortified foods to meet different persons' health needs. Under the guidance of the national policy, the nutrition and health industry ushers in a new period and with numerous opportunities for its development, making "Precision Nutrition" a focus of the industry.

Successful translation from bench-to-bed in application of precision nutrition requires collaborating efforts between research institutes and food and nutrition related industries. Based on the "Open Innovation Platform for joint innovative R&D collaborations", BY-HEALTH has been planning and developing series of R&D activities relating to "Precision Nutrition". The product R&D focuses on new function, new raw material and new formulation. For example, BY-HEALTH has launched a product line of Personalised Vitamins, which includes vitamin products targeting at different populations (IVTA) and Vitamin Micro-tablet Project. The technology R&D focuses on precision nutrition including new bio-markers, new medical devices, new evaluating methods, nutrigenomics, health database and intelligent algorithm et al. For example, BY-HEALTH has established a Dried Blood Spot Detection and Evaluation Centre, and launched a Personalised Nutrients Expenditure Evaluation Model in sports nutrition. It collaborates with domestic and international top scientific research institutions to occupy the industrial commanding heights of scientific research, transformation and commercial application platform relating to Precision Nutrition technologies.
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Diet is a key modifiable risk factor for non-communicable diseases. However, we currently are not benefitting from the full potential of its protective effects. Indeed, heterogeneity in the responsiveness to bioactive compounds can obscure associations between their intakes and health outcomes in population based intervention studies. This heterogeneity may partly due to differences between individuals in the absorption, distribution, metabolism and excretion of compounds, which is often the case for, for example, plant bioactives. In addition, physiological and environmental factors may cause heterogeneity in the biological response regarding health outcomes. Identifying the main factors underlying inter-individual differences may help to identify which individuals may particularly benefit from bioactive compounds or dietary patterns.

Nutrition sciences are increasingly adapting approaches from pioneering precision medicine studies in an attempt to overcome and indeed benefit from individualised and/or variable response to therapies. This includes the adaptation of n-of-1 clinical trials that focus on the individual, and not average population response to interventions, and the introduction of multiple, or continuous measurements in individuals over a time course. Aggregated results of many n-of-1 trials offer data on how to better treat sub-populations that share genetic and phenotypic factors, amongst others, or the population at large. A key aspect that will be essential for the development of precision nutrition will be the use of nutrigenomic approaches to allow phenotyping at the individual level. A further important aspect in the delivery of precision nutrition is the development and validation of tools to capture the multidimensional nature of diet. This may include high-throughput nutritional metabolomics complementary to more traditional approaches of assessment of dietary intake and nutrient status.
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Our (metabolic-inflammatory) health is for a large part determined by the flexibility of multiple processes which collaborate to maintain or regain optimal health. Here, flexibility has a number of nicknames, like robustness, resilience, sensitivity, stress-control and homeostasis. A well-known example is insulin sensitivity, which is an important determinant in glucose homeostasis. Together, these processes shape a system. This is important to realize, as this determines our view on health: all components of the system need to function optimally. In order to optimize this system and regain optimal health, it is essential to quantify the flexibility status of each of the processes, and causally intervene in those processes which perform sub-optimally. In the example of glucose homeostasis, an oral glucose tolerance test can be performed which not only provides insight into the post-challenge response of plasma glucose, but also in the relative contributions of the major processes involved (beta-cell insulin production, and insulin sensitivity of liver, muscle and adipose tissue. For each of these processes, specific nutritional interventions can be designed, making optimizing of glucose control (or curing from type 2 diabetes) a "precision nutrition -- precision medicine" combination. I will elaborate on the concepts, mechanisms, quantification methods and intervention options, demonstrating how public health nutrition can evolve into a meaningful precision science and reality, both in daily life and in healthcare.
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The consumer is ready for Precision Nutrition and is looking for new solutions for a healthier life. They want to optimize their performance, focus on their individual needs and are aiming to utilize what we call "The quantified self" for this. To serve this consumer need, more and more companies are offering digital health solutions. But how good and beneficial are their offerings? Who will provide a holistic offer to the consumer and whom can I trust as a consumer? Enabling technology is available and ecosystem approaches can combine required technologies, services and products. As a main provider for health ingredients to the market, BASF Newtrition® is willing and already focused on building ecosystems and alliances with other industry partners around the world to provide consumers high quality and trustful ingredients for personalized health solutions. BASF is performing clinical research in-house but also externally to build the most important required foundation for Precision Nutrition: clinical evidence. This presentation will introduce you to some tangible examples and a vision for Precision Nutrition putting the consumer into the center of our efforts.
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